Mutans streptococci have been shown to give rise to variants in terms of expression of surface protein antigens by repeated subculturing of the organisms, which in turn induces changes in colonial morphologies.
Cloning of the 5'-upstream region of the pag gene. Chromosomal DNA of S. sobrinus MT3791 was prepared as described previously (31) . The DNA was partially digested with Sau3AI (Toyobo Co., Osaka, Japan) and ligated with T4 DNA ligase (Toyobo) to BamHI-digested calf intestinal alkaline phosphatase (Boehringer Mannheim GmbH, Mannheim, Germany)-treated pUC19. E. coli JM109 was then transformed and plated on LB agar containing ampicillin (50 ,ug/ml) and 5-bromo-4-chloro-3-indolyl-3-D-galactoside (40 ,ug/ml; Boehringer Mannheim). Colony immunoblotting was performed to isolate clones reactive with anti-PAg serum (31) . To select a clone which encodes the 5'-upstream region of the pag gene, restriction enzyme analysis was done, and the resultant restriction enzyme map was compared with that of pPG21 containing the entire pag gene (31) .
Nucleotide sequence determination. The DNA fragment containing the 5'-upstream region of the pag gene was digested with XbaI, PstI, HincII, or RsaI and subcloned into pUC118 or pUC119. A series of deletions in each fragment was obtained by exonuclease III digestion by the method of Henikoff (5) . Single-stranded template DNA was prepared as described in the Takara pUC118/pUC119 manual (32) . Nucleotide sequences were determined by the dideoxy-chain termination method (26) , using Sequenase (United States Biochemical Co., Cleveland, Ohio). The software package DNASIS (Hitachi Software Service, Tokyo, Japan) was used for analysis of the sequence data.
Gene product analysis. Protein products specific for the ORF2 fragment were expressed in E. coli cells by using the bacteriophage T7 RNA polymerase/promoter system described by Tabor and Richardson (30) . E. coli K38 harboring pGP1-2 was used as the expression host. The 695-bp HindIII-XbaI fragment containing the entire ORF2 (see below) fragment was isolated from agarose gels after HindIIIXbaI cleavage of a pPG31 deletion subclone. This fragment was subcloned in pT7-5 and pT7-6, and the resultant recombinant constructs were transformed into K38(pGP1-2). Conditions for temperature-induction of T7 RNA polymerase-dependent expression and labeling with L-[35S]methionine (1, 055 Ci/mmol; ICN Radiochemicals, Irvine, Calif.) were as described previously (30) . After being labeled, cells were spun down and suspended in cracking buffer containing 60 mM Tris-HCl (pH 6.8), 1% SDS, 1% 2-mercaptoethanol, 10% glycerol, and 0.01% bromphenol blue. Samples were heated to 95°C for 3 min and resolved in SDS-15% polyacrylamide gels. Gels were stained, dried, and exposed to a Fuji medical X-ray film (Fuji Photo Film Co., Tokyo, Japan).
Insertional inactivation of the ORF2 gene. The 1.7-kb fragment coding for erythromycin resistance (Emr) was isolated from agarose gels after AccI-HindIII cleavage of pVA838 (13) . The Emr fragment was blunted by T4 DNA polymerase (Takara) and ligated into the EcoRV site of pPG31 (Fig. 1 ). This plasmid, pPG31, was the 1.8-kb XbaI fragment from pPG11 (31) (18) . The concentrated culture supernatants and the cell extracts were subjected to SDS-PAGE and transferred electrophoretically to a nitrocellulose sheet. The sheet was then treated with rabbit anti-PAg serum, with the antibody bound to the immobilized replica proteins on the sheet being detected by a solid-phase immunoassay with horseradish peroxidase-conjugated goat anti-rabbit immunoglobulins (9) .
Enzyme-linked immunosorbent assay (ELISA). Ninety-sixwell flat-bottom plates (Sumitomo Bakelite Co., Tokyo, Japan) were coated with various numbers of S. sobrinus strain cells in 50 mM carbonate buffer (pH 9.6) overnight at 4°C. After the plates were washed with phosphate-buffered saline (pH 7.2) containing 0.1% Tween 20 (PBST) three times, 1% bovine serum albumin in PBST was added and the mixture was incubated for 1 h at 37°C. Excess bovine serum albumin was removed and washed with PBST. Then a 1,000-fold dilution of rabbit anti-PAg serum was added (100 ,ul per well), and the mixture was incubated overnight at 4°C. Unbound antibodies were washed with PBST, and alkaline phosphatase-conjugated goat anti-rabbit immunoglobulin (Zymed Laboratories, South San Francisco, Calif.) was added (100 ,ul per well). The plates were then incubated for 2 h at 37°C and washed with PBST, and the substrate p-nitrophenyl phosphate (1 mg/ml; Wako Pure Chemical Industries, Osaka, Japan) in 10 mM diethanolamine buffer (pH 9.6) was added (100 pl per well). Data were expressed as A405 after 1 h of incubation with the substrate (20) .
Hydrophobicity. S. sobrinus strains and their transformants were grown at 37°C for 16 h in CDM broth. The cells were washed twice and suspended in PUM buffer (100 mM K2HPO4-3H20, 50 mM KH2PO4, 30 mM urea, 1 mM MgSO4 7H2O [pH 7.1]) (23) to an optical density at 550 nm of 0.6. Hexadecane (0.3 ml) was mixed with bacterial suspensions (3 ml) in test tubes, using a Vortex mixer for 1 min, and the reaction mixtures were allowed to stand until the phases were separated. The optical density of the lower, aqueous phase was measured. Adsorption was calculated as the percentage loss in optical density relative to that of the initial cell suspension.
Adsorption of resting cells to S-HA. To prepare salivacoated hydroxyapatite (S-HA), spheroidal hydroxyapatite beads (20 mg; BDH, Poole, England) were incubated with 1 ml of clarified whole saliva for 1 h at 25°C and washed three times with buffered 5 (Fig. 2) . It was revealed that three ORFs existed in the upstream region of the pag gene. ORF1, at the 5' end, extends from an undetermined further upstream sequence to the termination codon TAG (position 907) (Fig. 3) . ORF2, starting at the GTG codon (position 1161) and/or ATG codon (position 1179) which is preceded by possible promoter sequences (-35 and -10) and potential ribosome-binding sites (SD-1 and SD-2), extends to the termination codon TAG (position 1770) (Fig. 3) . The ORF2 gene, transcribed in a rightward direction in Fig. 3 The products encoded by the ORF2 DNA segment were analyzed in vitro by using the phage T7 RNA polymerasedependent expression system (Fig. 4) . Results (Fig. 5) . Western blot analysis revealed that both mutants synthesized cell-free and cell-associated 210-kDa PAg in larger quantities than did the parent strain MT3791 (Fig. 6) . The difference in quantities of PAg synthesized was further confirmed by ELISA (Fig. 7) . The level of PAg-specific mRNA transcripts was determined by RNA dot blotting with the 5' region of the pag gene as a probe. The expression of PAg-specific mRNA transcripts by mutants PAREm-1 and PAREm-2 was about 32-fold higher than that by MT3791 (Fig. 8) .
Cell surface hydrophobicity of S. sobrinus strains was determined by their adsorption to hexadecane. The surface hydrophobicity of mutants PAREm-1 and PAREm-2 was markedly greater than that of parent strain MT3791 ( Table  2 ). The ability of these organisms to attach to S-HA was then examined. Mutants PAREm-1 and PAREm-2 attached in significantly larger numbers to S-HA than did MT3791 (Table 2 ). These findings indicate that ORF2 downregulates transcription of the pag gene, and the ORF2 gene was designated a surface protein antigen regulator (par) gene. Distribution of sequences homologous to the ORF2/par gene. To determine whether sequences homologous to the par gene were present in other strains of S. sobrinus and S. mutans, Southern hybridization using a specific probe for ORF2/par was performed. The 300-bp DraI-EcoRV fragment of thepar gene, which covers most of the 5' half of the gene, was used as a radiolabeled probe. Under high-stringency conditions, hybridization of the probe to 6.1-kb BamHI fragments from the S. sobrinus B13 (serotype d) and MT3791 (serotype g) genomes was found (Fig. 9) . On the other hand, no hybridization to BamHI-digested chromosomal DNA fragments isolated from S. mutans MT8148 (serotype c), MT703R (serotype e), and OMZ175 (serotype f) occurred.
DISCUSSION
In this study, we have shown that three ORFs exist upstream of the pag gene of S. sobrinus MT3791 and have identified ORF2 (par) as a negative regulator for transcription of thepag gene. Insertional inactivation of the wild-type chromosomal par allele exhibited an increased synthesis of PAg-specific mRNA and cell-free and cell-associated PAg compared with the parent strain. DNA (6, 16, 28) . However, we could not identify such repeat regions in the upstream DNA sequence of the pag gene. In this regard, it has been shown that subculturing of clinical isolates of S. mutans frequently gives colonial variants that accompany a decreased synthesis of PAc (8) . Nucleotide sequence analysis of these organisms revealed that neither rearrangement nor deletion occurs in the 300-bp upstream region of the structural gene for PAc (19) . Therefore, we may speculate that colonial variation due to changes in the level of synthesis of PAg is controlled by the negative regulator, i.e., the par gene that acts in trans either directly or through the action of other regulatory proteins. The ability of many pathogenic bacteria to colonize their target tissues depends on the production of a wide array of virulence factors such as toxins, fimbriae, and other cell surface proteins (14) . The synthesis of such virulence factors is often influenced by the environment. Adaptation of bacteria to environmental changes is frequently accomplished through a genetic regulatory mechanism, i.e., control of the expression of virulence factors via a two-component signal transducing system. In this system, one component is a membrane-spanning sensor domain which transmits a signal to the second receptor domain in response to an environmental change. The latter domain regulates transcription of the virulence gene under the environmental control. The latter regulons often include repressed genes. The toxR gene of Vibrio cholerae negatively controls the expression of a number of proteins, including major outer membrane protein OmpT (15) . Similarly, the vir system in Bordetella pertussis possesses vir-repressed genes (vig) (1) . In the presence of modulating signals such as MgSO4 and nicotinic acid, the expression of vrg is maximal. Disruption of vrg genes by insertion of TnS containing an alkaline phosphatase gene (TnphoA) resulted in a mutant that is unable to induce lymphocytosis and grow in the lungs and tracheas of mice. The vrg genes may be expressed early in the infection cycle, when other factors such as pertactin and filamentous hemagglutinin are underproduced, and may function to facilitate intracellular survival of the organism within the host. Similarly, in the early stage of infection by S. sobrinus, it would be advantageous for the organism to be less immunogenic against the host because of decreased expression of highly immunoreactive PAg by the activation ofpar.
The predicted amino acid sequence of the par gene exhib- its a significant sequence homology to the amino-terminal periplasmic domain of the translated rcsC gene, which is involved in the regulation of capsular polysaccharide synthesis in E. coli K-12 (29) (Fig. 10) Hydrophobicity of the transformants constructed by allelic exchange of chromosomal par was significantly higher than that of the parent strain (Table 2 ). This finding indicates that PAg is ascribed at least partially to the hydrophobic nature of S. sobnnus, as has been suggested for PAc (I/II) of S. mutans (9) . In this regard, it has been reported that hydrophobic interactions between the surface components of mutans streptococci and the glycoproteins on the tooth may be critically important for the initial adherence of mutans streptococci. Therefore, it may be speculated that the colonization of enamel surfaces by S. sobninus is salivary glycoprotein dependent in the initial phase of attachment of the organisms, as reported for S. mutans (9) . It It is of interest to note that Southern analysis of hybridization of the par gene to S. sobrinus and S. mutans chromosomal DNA revealed the existence of sequence divergence in the upstream region of the structural gene for the surface protein antigens (Fig. 9) . This finding suggests that variations in the primary sequence or conformation of the upstream region could potentially result in altered regulatory activity among mutans streptococci. In this regard, Ogier et al. (17) reported the nucleotide sequence of the 5'-upstream region of the sr gene of S. mutans serotype f, which encodes a 195-kDa surface protein identical to PAc. Analysis of the nucleotide sequence revealed the existence of three ORFs. An ORF of 1,005 bp that lies 1,162 bases upstream of the sr gene encodes a cell wall protein of 40 kDa. However, no significant sequence homology existed between the upstream region of thepag gene of S. sobrinus and that of the sr gene of S. mutans.
In conclusion, we have cloned and sequenced the 2,850-bp upstream region of the pag gene of S. sobrinus MT3791. Evidence indicates that three ORFs are present in the region, and ORF2 (par) was found to play a role in regulation of the expression of the pag of S. sobrinus, which is important for colonization of tooth surfaces by the organism.
